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AN OVERVIEW OF THE
NATIONAL URANIUM RESOURCE EVALUATION
HYDROGEOCHEHICAL AND STREAM SEDIMENT RECONNAISSANCE PROGRAM

Bolivar, Stephen L., Resource Charaoterization Group, MS 586,
Loa Alamos Scieniific Laboratory, Los Alamos, New Mexico 87545

ABSTRACT

A Hydrogeoohemical and Stream Sediment Reconnaissance (HSSR)
for uranium is ourrently basing aonducted throughout the aonterminous
United States ard Alaska, The HSSR is part of the National Uranium
Resource Evaluation sponsored by the US Department of Energy.

Thias ambitious geoochemioal reconnaissance program is conduotad
by fou~ Dapartment of Energy laboratoriesa: Loa Alumos Scientifio
Laboratory, Lawrenoe Livermore Laboratory,; Oak ,R.I.dgq Gaseous Diffusion
Plant, and Savannah River Laboratory. The progrém is based on an
oxtensive reviaw of world literatura, preoconnaissance work done in
other oountrios, and pilot studies oonduoted by each laboratory.
Sample-ocollection methods and sample density are detsrmined to opti-
mize the probability of deteotiig potential uranium mineralization,
To achieve this alm, each laboratory has developed independent stan=
dardized field collection procedures that are doaigned for its section
of the country. Field parametors such as pH, oonductivity, olimatae,
gecgraphy, and geology are rccorded at each site. at areas are
samplad at dennities of ona sample site per 10 to 23 .

Tho HSSR program haa helped to improve oxisting hydrogsochemiocal
reconnaisnsanca exploration technicucos. In addition to providing in=-
dustry with data that may help to identify potential uranium distriots
and to oxtund known uranium prov.ncoa, the HSSR alao providea multi-
e amunt aralytioal data that uan be umed in water quality, soil,
gudiment, environmental, and bpanse=mutal sxploration atudles,



INTRODUCTIQN

In 1372, the Atomia Enorgy Commiaaisn Iaisiatad 1 Natiwnal Uranium
Resource Evaluation (NURZ). The major objective of this program is the
assasaannt of the nuclear fuel resourues in the aonterminous US and Alaska (US
Dspartment of Enorgy, 1979)-. Thoa NURE prozram is now adminiaterad by the
Department of Energy (DOE) and oonaists of hydrogacchemizal and stream-sedimont
reconniijsancs, |.er:la1 gamma=-ray radiomotric surveys, topioal geologio studies,
"world-olasa" studies, subsurface geologic invastizationo, technology applioa-
tions, and resourco estimation mathodology.

This report is oconcarned with tha llydrogeochamical and Stream Sedizont
Reoonna laoanca (HSSR), Four DOE lab.ratories, Lawrenco Livermore Labora=ory
(LLL), Los Alamos Saiontific Laboratory (LASI.iI), Ook Ridga Gaaeous Diffuulna
Plant (ORGDP), and Savannah River Laboratory (Iéll!.). have condugted the hydro-
gecahcmioal program, Arcas of responalbility are shown for eaah laboratory in
Fig. 1. Esch laboratory developed its own goochominal reaonnaissince program
for uranium besed on time and funding aonaotraints and oaphaciznd tho dotermlna-
tion of urunium concentrations in both patural wators and watcrborne aedimonta,
This roport .summarizes the programs devoloped by the LAS., ORGDP, and ShL. The
LLL progiam i8 not diacuased bonnuae of tho vory sma’l areal aovarnge by this

1laboratory,

HECONMATSSANCE UEOCHEMICAL EXPLORATTION

In tho IUSIR program, ruveonnilasanea sgoosheminnl exploratlon aan be
roadlly derfined na any unthod which omployn n ayatomatic soarch for favorabls
uranium tarranos by doteoting ona or wora aolemnts ln aampling mediln, The
analytieal pramiston (roproduaibillty) roquired gmerally nonds only to be

quankitativaly acouraln snough to dlakineatash  above and balw  baekground
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TABLE I

TYPICAL SAMPLE MEDIA USE)D IN RECOINAISSANCE GEOCHEMICAL 3AMPLING

Madia

Rooka

Soila

Orzanle Mnttor

Gaaau

arund ¥Watorn

Streas Walury

Stronm HSodlmonta

Use

lalps to detarmina potential host rooks; usad mainly in
detailad surveyu,

Extremaoly useful in areas of low raliaf, thiok overburdon,
and arid climatn; us: ! prodominant!; in datailed surveys.

Soma biorooahamicenl proanusua aoncentrate aertain eloments
in plant tlssuen} extromely unofil in sumi-deanrt arcan and
in datailad aurvoyan.

i 1 .
Dua to radionotive decay, somo daughtar products my be
dutogtod dapanding on atmoiphere and noll aennditlona.

Extremoly umnful in arld areas and glive inforaa.ion on
oubzurface environmont; ocummonly used in reconnalisaance,

Wators aicculnte avor large arcas and aro extrcmoly usoful
in scarchlng for poluble eluwmontn; most unnd in roconnnin-
sanac,

Usnful in narons of high rallaf and give rough indox of
guology of antahmunt. builn; o amonly snupled in roconmais-
iinun pProgi|ami,



THE SZAXCH FIR AL

Duringz the complax dazary of uaranium -0 liz var!i>:a daushesr producss,
gevaral radiosa2tiva alsmenta ars formed that can Do d3tactad enaily Ly direcs
radlomatrio methods, Howavar, si=pla, rapld metliods ualing a gama-radiation
dstoator such 13 a Galgar-tullsr rcr aciasillation 2ounter ara inaffactivae whare
a relativaly thin inactive overburden covara an ora body (Bowia at al, 1971).
Bssauce upanium la soluble and bacause of the reaunt use of highly asnaliive
analyti:al taahnology suoh a3 neu“ron aativation analysils, which permitr fast
and raliatively aheap automation=-type prozrams, tha uae of gooohomiz2al methoda
for exploratinn has yielded favorable results,

Uraniun in morat rooka oacurs as an oxida in tha +4 valoncs. In weath-
erinz sonvz of aurfinlal snvironxm:nti, uranium _lla nxidizod to tho +6 valenae,
which 13 211ily leached from surfacv roocks and ':onrrlad as the uranyl ilon into
golutlon in most natural wmtorus. Hexavalant uranium 2aarally stays in solu-
tinon until it ius aboorbod or encountors n reduaing onvironment whore it io
prouipiintod a3 an nxide or hy-lroxi:dle, Organic mttor In atroums and lnkes
Frovidna favorible surfaces for tha praclpltation of urinium, However, uraniwa
also will praciplitato with forrle nnd manganio hytiroxilea, partlaularly wheru
pll and oarbonnta lon aonaentratlona ar low (Lyek at al, 1971).

Uraniun 1o extraomoly woll aultad Cor hydrogroencaleil survays beonuso of
lts alrh solublllty aomparmd to most ather metala (Dowiloe ot al, 1971). Ganeral
raviswag dosorlbing the uye of hydeognoehionl il proaprating ara found in Hawken
and Wobb (1962), Bradahaw ot al (1973), and Loviason (Q127TH) amons othera,
Hovuavary, Lhe mobliity of uranim deponda on goveral factors, lnebullng the
time of yeuwy, werkhiering amd eroalon, pll, Eh, abporeption, the poarmeeibillty of
Lhe peolocis matarial in Jhilch wibter Ly In eontet, and She oontent. ot 2y

alneila In andiment ,, I Lhe JGSSR peoverea, i wml tundine oencuealata



requira th~* any fiild =qa3urnamati takan are 1 maxizum ald in evaluation of
the data, yat maquire minimus <iza in Lha lield to aonduat, The fiild msaszura-

menkta tnkan by saah laboratery are listed In Table II.

Sanpla In usod in the iL33R Prozra

In tho HS3SR pr:-—am, atreaa water, ground water, and sireanm : ;dimonts are
the major medla used. Hrwver, plant tiasuos wers used by ORGDP and SRL in
pllot studisa, and helium samplos are ocollsatad by SRL :n pilot and reconnais-
snnoo studios and by ORGD? in dotailod 3Jurveys. Brnoause much of Alaska 13
extanaivaly covored by lakus, LASL gollsots lake uatera and laka sedimenta.
The typs pampln collaotod in any aroa devands on tha rzults of extonsive
literaturn re.aocaroh of ustudiaa ia slmilar torrane having cozparablo geolugy
and gaozraphy (Table II), ‘ !-

Stronm wator:s my bo moct useful in tho broad-gnaln doteation of anom-
alous arcia in both rooconnaissnanoe and datailod exploraticn progrnan (Saukoff,
1956; Gri=mbert and Lorlod, 1968; Boborg and Runnalls, 1971). This media is an
invalunbla toal in henvily fornatod and mountainnuo torrane. Furthormors,
vanordlng to Flx (194%6), uranium in mout natural wators can bu aonsidored to
bo a routh indux of tha urmniim gontmt of noarby geologlo formntions. llow-
aver, patural watars munt goma Into contiat with minoral doposits and remaln
in contact with thea long onoush for oome of tho om and/or indinator olumontn
£ te 1 walyad mvl for digparalon pattarnng to fora.  In addition, hydrelogle
ay:aena ary generlly vory complax, amd a knowlwbse of hoyw thay work in
otenLhal 1 tha detillaxd Interprotatloa of geoolemlonl data,

Uro el watorn, boengw of Lhaler long roaldones Lime n hydralogie aystase
and nfsimbe monbael @ith maaetaes pociy have the potantial 4o aunlaln mor)

dlanalvel alnaila thn surf e gt ad maa peavide lnvaluabla  sulewge o
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data, Samples of well wmter and apring water may be narticularly valuable for
axploraticn in arid rezions wnere Sround wWat2rs may os cha only aquaous zedium
available to sample (Boyla et al. 1971). This medium is also useful in humid
areas, whers surface streans oontain low uranium oonocentrations because of
dilution and continual sxpoaure of outerops to rain and oconsequent leaching
and re oval of solubla uranium (Little and Durhaa, 1971). For optizum uase,
ground water samples should oe taken fro— aqui’ars at known depths (Denson et
al, 1956).

Stroan sedimenta (wel ar dry) also are valuabla indi.ators in outlining
geochemical provinces. In the laat 12 years, atrsam sadiment surveys have baoen
the chiaf method for geochemioal reconnaissance exploration (Rose, 1977).
Information from aasdiment s3oplas can be rolnl':ad dlireol-:ly to the oatohment
basin of eaoh stream. This type of medium is not: affectad directly by ollmatio
changea as readily as surface watera aro, Consequantly, uranium values in
sedinent samploas are gencrally moro congistant and yield more easlly renognize
abla anomillea than do urinium values in surface waters that fluctuate between
wet and dry periods. In arend of high rolisf or in desert arcons, strean
nediment samples many be the only availnblo sample mndium. In Swodon, streanm
podinonts have boen used extunsively (Brundin and Nairic, 1972) anu as a
genchemleal prouvpe-.t!ng modlum arn oloaly drnalrod over wator samplua by soim
authora (Morsa, 1971). 1laventlsntora Jdirfer as to what typo of andiment sampla
to edrllret; Morca (1971) favora aamployg compoamd of alastles, and Dyok uwt al
(1971) ravor organi~=rich umpleg,

In asome roglonn of Alaaka, the turraln in axtremaly Clat and large arean
ar® undderlain by permafrost. Tho low rallof remilta In nomplax and dLoruptod
dralnn e ayatews with poor elrculitlon and with asliaonty th v e (rregnlarly

deposited, Thopotfyery Taie witera ael lae pxllzonta may Slve the boat pganitn



ir thaese arsas, However, ainca wawer sampiaa fro= alaskan lakas zonerally
hava rery low umniua aongantrazisaa, prucize megsupa=ents orF uranium at the
0.5 parts per billion (ppb) lavel are neodad, Dyeix et al (1371) have shown
that lake samplinz in parts of the Caraiian Shiald iz affeativa in Jdelineating
areas favorabls for futurs exzloration ana is rasstsr than stream asampling;
however, they emphasized that lakes should be sampled near inlets anc outle's
to obtaln best results. Other surveys utilizing lake samplas include
MacDonald (1969), Meyer (1969), Boyla et al (1971), and Dyck (1974),

Varioua combinations of media may provido the optirum axplorat.on method.
For exampla, in a rain-forest terrana, a strcam water (and poasibly straam
sediment) suzpla oouplad with a vegetation sampla zisht be best. Eaoch par-
tiaular phyalographioc province should be utudiet_i_ saparataly, and all sampling
media should be thoroughly tosted ln the orianrz-nuon studies (Dradshaw et al,
1973; Levinson, 1974), particularly if vegetal or biozeochemloal type medlia
are usad. Biogoaochomioal atudics have boon wged with some asucoess espacially
in arid arens (Bousia ot al, 1971). For crample, in the Colorado Plateau, a
decp=-rooted iutah, Astragnlus pattecsonl, =equiros oonsiderable selonlum to
grow. Because nelonium is asooalated with uranium depoalta in this aranr, thia
opeclia gan bo usod as an oru gulde (Masaingill, 1979). Howaver, biogouchomi-
cal atuulny lnvolve aomplox inturreclationships betwren goolugy, goll solence,

botany, and ecolory and should be uaad with extreme cautlon (Lovinaon, 1974),

Annlllary ¥lomenta

In sevarchlyyg Cor uranlum depoulta, the mjor alement of' Intoreat La
obvlounly wreanium. Mt cortiln other alomenta may fora a mich wlhder d Lparalen
halo rmmlsine t'rax thole ghemieal bahavioe and weathoering ochusotoetat “ag and

may et e rplmental Indleatorn off aratan, The sl o ep pathtfind »



elamenza =oat 2oz=only ua:d in uranlim =xploration are =olybdanum, sulshur,
laad, arasanle, vanadlum, =ine, copper, nickal, cobalt, and thorium (Hawkss and
Watb, 1962). Othar elaments, sush a3 zold, tin, and tungaten oan be analyzad
for thair own worth, Rure earth 2laments provide a basis for in-depth geo-
chemia2al si‘.udi:s. marticularly w.th respact to uraniim mobilizati-n and ore
genssii, In gensral, tha mors elsmenta sought, che more potential value the
analytioal data have, The particular eslementa r~leotsd for analysis by the
respa3tiva labaratory depend on pillot surveys, analytiecal faocilities, and

funding conatrainta (Tabis II).

SETTIIG UP AN HSSt PROGAAM

From tka prineiples first appllad by Rus-.li'ml_ sni?ntiata in tho early
1230s, goochemle1l axploration has avolved tremendously. Reviews of ges=-
chomical axplaration for uranilum have beon ocompilad by Boyla et al (1971),
Bowlo ot al (1971), Urimtert (1972), Dall'Aszlio (1972), and Roaa (1977) among
.thera, In addition, large=-soals geochomical surveys have beon aonducted in
Canada, F!nland, France, Norway, Unlted Kingdom, and tho USSR, as .ell as the
NURFE in tho U3, Mont proowaduros and ldoas raviuwod in t'13a papar ara n direat
aonanquence of olallar programs dovolopnd in othn» countilos and of atandard
gaochomlcal snmpling practlous asummarizod by Iwkes and debb (1962) and
Lavinnon (1974),

In a pro:rim with the msnisud: aof Lhe HISGR, sartiin probloma are
Inherant,  Morao than one mLllloa mmplen will be enllagted from moee than
Hu0 09) loca! lona,  Saapl: unilyaoea miat by odited o that Lhny are analztl=-
ally ot anl ol oot lond are chodand o naeiieaey beforn tha ddatka aree
paparttad 2y Ehe nhlly, I.-|.-|'..!y. Lhe sampl o nowd Loy be qapchlyad  Cor futuee

elteregey, Bz Lan o E0aeent pecbma of rogpoaailility aontiln extepaiv



=ountalaoud 1r3z. basine, Jisizonta, and Jdaraps zansong, 2 Inheorazaer
Jdavalazad Li2 ouwa Pprogmam, It ooz o Tthis $2al, cha Ilva D1all atars
aitsd ia Tabir IUI were folluiai,

In tha (iS5}, the goal i3 to za=ply the amtire US and Alaaka 35 hat 7. i3
favoradle Jor uraaium axplaratioa ars A1lindats? o1 & re3ionil 333ls. In ill
ligelitood, data from the HSSR prozraa wili aot ildaztify ore x.diss, tut
rather, they will help outlins ganchoaloca. provincas and deliriata araaa
fa7orable for -atalled follsw=up atudlas.

Inisially, a thorough literazurd raseiarzh wna oonductned. The Zeonzazic-
try of uraalim a3 wall as rerioral Lnfor=atisa on the type of 3e0lozy, olimacas,
striotura, kncwn ty7pas of ore depo-'is in the arsa, proven nethods of nxplir=-

tisn, and various ty=os of equipssn: availabla for fleld sampling and rlald

Relgummants wore all esaminoed, Baaol on tals rono'nroh. an initial program
was ast up by oach laboratory,

Boolusg uranlum daposita peldon odour undar slmple geochamionl condi-
tiona, ona Lsporiant aspo?t in developlng a succeaiful H3SR pirozram is tho
ability to taost all mounudologiss and smealing philasophkl-id. Moot geochnmical
anom llua mauit fron the Dovamants of natural watorns and salla; therofony, it
13 alad novossary to undaratand thue geomotry, slizo, and typo of diaporalon
patterns that may exiat amd how thoy aro infiuonead by geolisy, olimte, unid
tuicgraphy (Loverrlng at al, 19545), This Lo Jdone by means of nilat or ori'n-
tation atniles,  Thy Ldnl plams to eomluct pllot ntelles Ln In tiwm vie'nlte
2" knoun uraaiug Jdepealta charctorlalla of the pagl m belng atudlxl, whepre
the axtanb of dlaparalon biloa Ffor amamilloc related direcatly to o badl w
qan b dutaralndl, Ldally, the gwmg ghoull ot bo contaninated by human
arslylsy o Lhat nabnead woabenalandl patlerns e be obaopved and conpared to

vet2treml Lwels In oanminerallaod toppans Ok Ll Woobh, UG, ey,



3.

5.

TASLE IIT

STZ23 I SETTING UP AN HSSR PROGRAM

Goals OQutlined.

Leadorship and Erparisnce,
Fxperiancod managsment helps to mininmize progrim ooats,

Litaratur: Reasarch of Jdolooted Area,
This researon iroludaa exanination of all avallabla informitinn
portaining %o tho area of atudy. Topies should inalude physiography,
goolozy, struoture, hydrolosy, olizata, kniwn types of mineralization,
geochaniatry of clom.mt(z) acught, and case hiatories.

Pilot (Coinntation) Studlea.
All variablag==hou to 291lict the sampla, which zamplas to ocolleat.
and how to troat tho asampli=-ghould: bu 'fully examined. At ths
conalusion of the pilst study, 1 manual of aystematic praocecuroa 1ia
pruoparcd and follawal durinz later collaoction of osamplos from
aomparabla torranos,

Lotistios,
Thla lnelirlug studying tho feasibillty of suboontracting and mothoda of
qaality asouranca for both field and analytical data. Report propara-
tiun, dicaemination o' data, ind follow=-up or datuniled studies ard how
thoy am to be im,.iumented are alan eoncsidored.



geth rald =¥ na% 99 avallible or = Yo limis~! o mmall dapazlta., Studina
Fharil: 23var tha Mll minge o8 environauati. ani L.m1tie ecnilzlona typizal
»r tha atudy aroa, 1Tn addi-ion, tachnical sarize.urz and llzitiz of the projraa
ard tostad, modifled, and izprovad un=il 2 methodolasy i3 davrloped that agatice-
rias the goals of tka ovarall prajran.  Some para=etaorz that neca to ba
aozallared In desigainz and undertakln: an HSSR prozraz ars listed in Tabla IV;
the ; ilat study areas complated by tha laboratiriea are shaywm Ia Fig. 1.

Each laboratory has davaloped for iti own aroca of responaiblity a fisld
prcoaduraz manual that explaina the purpose of tho Lrog~axz; the care, oali-
bration, and uide of flald agquipmant; and Zoneral prooiduras to be followad for
all agprata of the program. DBecauna varying mathoda >f sampla collsotlon and
praparation aff~nt %ha affeativenan:s of gecchomieal aurveys, flald prooaduraa
and oquipmont ara continuvualy boing updatad, :md pilat studina are comduated
for each na¥ rogion 80 that tho manuml: are rovised aa neceuaary.

Tho DOE laboratorles nuboontraat thao mjorlty of thoir samp.le collaclion
responaitiliilns, Tho .rmaplia arm onlloctal according to syatomtie an' atan-
dardizod sampling proavoduros thut are outllnoed in samplo collsaotion manunla,
All finld oquipaont nogazaary to aollnat namplua ani to taka und rogord tho
roquired magur 3nta, i luding unuple contalnars and data formn, are provilud
by thn labaratorini. At lonat Lwo nnta of maps which contain eithar a grid
outllnn or prrualietnd onmple looatlonn nre nlao proviiad, Flold persohnel
ara rquirsd o attand a ahort Lvining gournpe whore the objoctives of tha
prog»na, mmpllng sathadulasy, and g and malibetilon of flald equipannt ara
traecht,  Snmplors v roquieral te b abla Lo read o mip and pedopnlin goologiao
poeslman,  Tae IOK perovidas Lk ghlfleation aandn whish are Lavied by Liboralory
poraenn:l albor 4 proapestbiva tampl e bbenda the teralnlag amente wn fuldl-

Lion, =in Dibkaratoey peoawtdon 4 pabl!: polgtlone beacirees, weltbon far the



TECILIICAL PARNILTER

TadlX IV

Qao logy D.
a) 1lishclogia rogizas
b) atruatural aontrola
a) gnomorphology
d) weatharinr prafiles
e) ore cacurranaas (aineralizod
ar»a) E.
f) uraniua aongoerirations,
baakzrauvnd va unomalaun
g) uranium and lndioator
elament oocahamiatry F.
h) dizparislon pattoras
i) area to whiah pllet applia:

lydralagy
a) allaatla rogiann
b) ananonil varlzitlicna
a) prouipl%atlon
d) aurfaom watara (drinage
aroa, flow rat)3)
a) ground watura (aqullars,
rocharge ratoa) a
dnmpla fypon
n) ourfaen waturs (otroasn, lakey)
b) ground wntors (onringa, walla)
o) sodimont (wot==dry)
d) othars (gnnoa, plant tlmum)
r) nmount ol sampla to colluat
£) rolation among difforunt aedia
&) 1nflumna of topogragzhy

30 ounlidEd DI BLIZILNG XD JIDERTAXING AN H33R P2CGrak

Saxpla Ipaoing (Recnanaiasanae
Saala)

a) ainizum

b) maximus

a) optimum for enah aa=pla typ=

Saxpla Looation
a) vhwrn to takn samplaz
b) potentlal contaminanta

Sampla Preparatlion

a) wntor=-no traataunt, aold!’i-
aatlon, filtration, lon=-
axohange oonaontratlonag

b) suadimont=—=alaving, typo of
divao materlal, drying
aocnualdnarationa, oruchlis,
agid leach

o) atoragzo problamu

d) adoqunay of analytioal
faoilitlas

Snepln Contnilnora

a) wnter==zlans botilna, pnly=-
aethylsanu, tollon

b) nodimont-=polyethyloena,
paper, or olaoth bagy

a) atoragn probloms



isyman, Ixpiaiain; tna NHCER, Llapoyricary pertwnnil 109 presant In a cuparvisory
camalty -funing 1li aapects o thy auadlian; ani preavila naly with aquipeant
milfumocion: 1nd J;aiaing aagesa o) sropartlss, a3 wrll Az with sonlitoring tha
proima, Subocatriotors are required to contact tha respeativa laboratory
parzannal at 1la1at weexly. In addizion, LASL, ORGDP, and 3RL rejuirs fieald
arva to kuep a 2rzposite 1° z 2° NT3 quadeangle map showing the progress of
the con%raat.

Contraat ureis gannrally ocovar one or pore NIMS quadrangloa. Aoceza ie
prozidad by th? zuboontraator amdi usually invelvos usze of four-wheal drive
vealalus., However, aampla coll2ecin in somo mountainous terranes requirss

haraaa or baakpasking. Moast arans in Alaska ara snaplod by uae of haliaoptara,

FISLD MEASUNEMENTS "

Thore are many chomisnl fotors that ocontrol the oolubllity of uranium in
witur, aovaril of whioch ary llstel in Tablo V. A roview of the litarature
shous dloagrerrmont an te whioh measurozmonta are moast important; uranlum itaself
i3 tha buat ind! 'itor of uranium depousita, Of thoe monsuromants llstoed in
Tabla ¥V, tho folluwing are rolatively vasy to routinaely menoura in thue flold,

pi = In goueml, na pll dearsnsaes, uranium gcontont inor2asen. Howaver,
beenusn uranium i soluble evar minh a wide ranga of »ll (ure+hart and
Loriod, 19¢3), pll L3 important to Intorpmtation only whon oxtromo
values are encountornd (Ontly nnd Ball, 1973),

aopp 1251v 1LY = HUewinlum eonaentiitions In mtern Crom 4 Slvan roglon Soneril-
1y worralatn with aoneenieations of major copponent: (approximntoed by
aonduaslvily), {.n., an lners In gondudtlvily will usially goresapond
Lo Iner-aar In wralnm content (a natural wboars (eloaall, 19598

Dl 'ast iy, 1971 Dye s, 190),
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3012 PARAM=TERS TO 43 COWLICEZGED IN FIELD MEASUREMENTS

pil dizaol 2!l oxzan
onnduativity Eh

temporaturo bloarbonate
ground radloaztivity ahloride

alxalinity sulfata



I3gEMmItEe = T Gubparaturd af Gasar alfeets the mate ff gheaiml o asd
hiolczioatl erotimna whlah =33, nrlusmes =ho 2naenatmmilen 9 rmalun
(Tix, 19%0; =atia and 2all, 1970).

gquiveiyns cirndun = Jointilizzotys madsurdzents of "skilld in" and “chield
out® rsadings allow an aquivalant urani':a valua to bde calrulatod, whioh
thon oan be uned as a ground truth ties for airborne radio=etrio data. A
hizh equiralont value may be an iniioation of mineralization of uraniuw
and thoriua daughior produata (Whitehend and Drooks, 1969).

In genoml, fiald measuromonta are taken by use of amll, lizhtwalght,
battary-oparatod portable flol! ind%rumonts (Fizs, 24 and 2B), 1Typlozl pll
motara wolch about 0.5 kg, ocan bo mally oalibrated in tha finld, am tem=
puriti=y coEpannatud, and have o #0.1 pi rr-.-ol:..lon.l Sr.nrn probes oan rcadlly
bo oxahanied. Conduotivity motors, simllar in aizo and weight to tho pH
matnro, oan measiro up ko 50 007 pmho/m (+15) and nre oanily callbrmtad by
usy of' a atandamiizad KCl wnlutien,

All tompoariturss wiv weisurmnd wits presallbreatsl thowomotors, The alre
tomncrature in thy ohuda In pegordod B0 Lthe nearuct Colalus dorwe, Tie wnter
temporatwrn Ja uinl!y rocornlal Lo the pearset 0,500,

Sovemnl Lypen of inalmmonts: that gorbine pll, vomluativity, turparature.
mrel diannived Xy on easersenta am o aliao avallal-le,  Than watmr quallty
chanktar: are gmerally 1htuel;sht Inntemmta having the vaernstil ity of mking
mvoeral diCCmeat prunees b wita only one pliea of oquipmmmt  (Fig. 2C),
They are LWeql for mae In arsan of dICCLenlE aooenz,  Togperature (0 Lo A0%,
#1,0%), voduntivity (U0 jmile/om, 39 jeho/er), plit (O o 18, 30T pll), ol
dbamol sal exy on (0 Lo 0 paeln pep alllton (qa), el.0 ppa) can KLY Mo

mentil ohy AN L e arn Ll epry opepates] gel oo b pochae s, Allalindty
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measur23enta ars usually performed with fisla titration kits, Ground radio-
a2:ivity is measurad with portable sointillcastars,

S.ne wvater samplas contain abundant suspend:d matarial. This material
237 require riltration because as the suspended matter may contaia additional
u=aniuz. that is not in solution, All lahoratorias filter their water samples
Papeniing on the waizht and size lixzitations of sample gear, saveral different
rilte- models are used, One lizhtweight type used by LASL is shown in Fig. 3A.
A slizntly different and heavier modal is userd by SRL and runs off a fluorccar-
ton gas canlater that oan apply pressure up to 40 pai (Fig., 3B).

In any prozgram of this magnituds, thousands of sediment samples are
n2nilad during peak periods. Beoause ssmples are analyzed for both uran‘um
and a varlaty of other elsments, any matorial that ?'onas'. in aontaot with the
sample could drastically affect the trace elsment data, Consequently, a method
to colloot (usually some sort of plastic saoocop) and transport the sample
(9ithas~ a plaatia or ,.por bag) had to be detarmined., All laboratories analyze
tho flno-asized fraotion that pamsos tirough a 100 mesh saraen,

SAMPLE GULLECTTON
The LASL collnatlon procudurcs arg wrltten for gamplos oollectod elthnr
‘i the Noaky Mfauntaln atatea or In Alaska (Sharp and Anmodt, 1978),

¥, 'n_samplad,  In Lthe Roaky Mountaia ataton, about 450 ml of waler aps

w ileatad in Lwo 25=ml viala thiat have baon prowaahed with Jdllute gitrie ot
Cround=twiler aampla (ol both wells il springa ares colloated ng noaer Lhe
amcPzenm gourta aa poaaidle,  Hollins Lanka are ol asmplnd, Stroam wabor

wre eolloted ferex Lhe Clovnineg esrreat way from Lhe ang, AlLL watora aee



filtared throus: a 0,/5-y membrane and acidified %o pH <1.0 with & ¥ reagani-
grade altric acid. All wator meaaurimsats cuir. @ade with lanatruments proeviously
disoussad (Fiz. 2).

In Alaska, 50 ml of watar are ocollactad, but becausa of the watar Murity
and due to the hizh oo:ts par samples l:cation, the tima-qonauning operation af
fileration 1s omitted, Measurementa are usually taken with a water quality
cheakkar (Fi3. 2C'. In addition to standard fiald measuremonts (Table II),
diasolved ozxygen 1a taken for all Alaska water samples,

Sedimant Samplas, Up to 1 kg of sediment 13 aqolleoted from at least
three adjacent spota at each looatlion. The sample i3 usually collectad with a
polyethyleong secop. The sediment must be water tranaported and taken below
the watar lavel (if watar i3 presant) anc ms;t. oontain enough organic=rich,
fino=grainad partiales to fill au 25=ml polyethijlone'vlnll. In lake areas in
Alaska, the sediment 13 oolleoted with a speoilally designod 11-kg, suation-
opurated botlom samplar that oan ba !ropped from the side of a hellcopter
(Flz. 4). Aftor collaotion, sodiments are put into a rlp=top polyathylune bay
and doubla laboled with thn samplo lonation number. Tha sumplas aro dried at
<100°C and aloved to =100 mash by thn nubcontraator. Grouni radloanotivity

moasuramants ure taken at all altes,

Qe

Tho ORGDP aollaats anmplaa nacmxding o n ground=wator (Oak Rldge o coun
Dirtaslon Plaat, 1978a) or a atpeam=wator, astpoam=gsdizont format (k. tldse
Uaaaoua DIfcusion Plant, 1973b),

ronnd _Watee,  Wall or apelng wiabors are eolleaatod,  ACLr Clashing Lhe
oo rknatag o waler oontalnera, two h0=m, polysthylonn bobtilaa aee

UL, The awepl o Labiedd Le sl est Lo tho wel el w poaaliile, bat all






treatod ntar and 2wlding tanka ara avoldsd, The sawplia are than sant o
ORAD? Zor Iiitaring Surough a 0.45=:a3 o03lluloge 109tass paper and analyai:z.
All flsld measuroments (Tabla II) ars made with a -atsr quality ochsaker
(Fig. 2C) whlch has buen im operaticn for at lcast “wo ainutes, This iastru-
ment i3 cualibratad daily. 1In addition, total alkalinity, phenolphthalsin
allkalinity, and aixed-lndicator alkalinity are determined with a. 1lialinity
tost kit.

r Samplas, Sircaa sedimen:: or streasn mmplas are oollacted from
all basin looations, Siream watars are oollected at the point of mzimm
flou, Aftor 1 wator sampla 1s ocollactad, the sane fleld measuresentia are made
as for a ground wvator sample. Sedimont samplaoc are gathered with a =0cop and
oollaatad parallal to tho longitudinal axias of t.h_o al:r_-ou. The aample gonoiats
of a aompoaito of szavaral nomples taken 2 t.o;a l!lpnl"t. The sediment is
ocollnotod from the anotive portion of tho otream and all organle, windblown,
ani floodplaln matoriala are avolded, At loast 25 g of the =100 mesh fraotion
nre roguirod. Aftor ocollsotion, the nample ia placed in a papsr envelope,
sonlod with vinyl tapn and oont to ORGDP. It ia then dried at 85°C and alaved
to -100 mauh.

ORI,
Tho ORI anmplna are wllmted acgurding to prooadures outlinad by Pricw

and Junos (1979). Swmpla proowluraa vary ncvordln:t to namplo typa and alimata
and are mroupedd aomiund Ing to cround water, gurt .co atroana taken Ln humld aroas,
or aurfae atraam takon In arid arens.

feryund faters,  dprlays and woll-wator mamplaa arm goll-wtnd as near the
polreg aa padaible,  Wall syatean ar thorarghly flushed bofors ompllng.  All

sivvibond wiatar (o, o, ahloelant o) and anmplad Mrom ol il tnaka are avabibeed.



ALV mampi: Jontiiaers ar2 prerinaad, abous Swo ilters of w@tar ura 3llaetaq,
Sa=plis are filtgred throusa a 0,3-1m llucispore nmembrans in ths f£lald Yy usa
or a pressurs fiiter apparaczus (Fi3. * . Temparatura, 2B, and conductiity
meisuremonts are Lailen on the wnfillared watar samplas by Lirument; aimlilar
to those shown in Figs. 2A and 2B, 4dbout 5C ml of filtarod water ara used for
alzalinity measursnents that are made with a1 field titration kit.

Brcausa of the low uranium concantrations in wate saxples in the eastern
US and bacavze of sample praeservation probloms, 3RL davalcped a fleld ion-
exchange procedurs, About 1 & of watar with a conduoti--ity of 500 umho/cm or
less is mixed with 10 (4 g dry -=seight) of 100- ta> 200-mesh high purity
cation-anion axchange resin, For samples exhibitlilng oonductlvity values
greoater than 500 pmaho/cm, a smalior volume of wl:l_.tar is used, Tha ion axchanzy
realn 13 mixed fnr rbout 10 minutes u=zing a battery-oparated atirror. The
racin is then allowed to usettla into tho orizinmal 2«0z Dn*ila, which is sent
to Ll for analysia of 1ta gontanta,

Disvolrad helium i3 measured for all ground water scmplas., The aol-
lootlon tochniqua io modified from Dynk at al (19758), Qenorally, a clean,
10=0:1 goft drink bottle ia filled and 2 ml of water withuriumj tho bottle is
thmn rappud, invortod, and than annt to SRl tor anaiynla,

surfiae_Straamg Taken In lumid Arean,  Sumpia procodures and moasury-
ments for atrean yabtor aamplaa ara Lldentlenl to theue for sroumd water aampl:a,
In wlditlicn, 60 e of flluerad water ara vollicted In i Q=0 Mobtls containing
1 e oll ultrapa nltrle aclld,

A sedlamt aample Lo aol! v Sed aithor by e off a apritg=1 el jaw
aoop (Fer allly to roly bolitoma) or by a ba, mmplor wiieh connlaila of A
lalnlenn ataol Caba wlth o w abtaeieel Dbl oaed v (Lo poaky lottoma), AL

Lot PLoa el imonhh povantegy o] alom e WY oo Phe ot gm g v e a2l A



stalnlrg ateel alava Lc ugad to fiald 3dcruen cha gudinonts and the =40 mash
franzion i3 retainad. About 0.5 kg of tna -40 measn fraation is then gplaoad
into a Xra’ paper ba3 and labelsd, Samplas are driad at 90 to 100°C befors
serding them to 3RL,

Surfa0a Streams in Arid Apaas. Pilot surveys have detarmined that 3oil
sanples froa arid areas generally ars as effeotive aa stream samplos from arid
argas, although dry wasr areas are avolded when stream heds coexist in the same
grid square, The asample prooadurs for dry sediaents is the same as for wet
‘gdimont.y; howevar, thr pampla 1s usually collectad with a shovel or trowel.
If signifioant amounts of windblown sand are present, a .ompnaite of at loaat
15 saparatd areas is used. Tho sample is thon sisved to a =18 to +40 and -l0

mas.. fractions. Doth sizo fraaotions ara then sent t.q' SRL.
! o

FIELD OBSSRVATIONS

In a reaconnaissanao program, chancoo aro high that any partiocular sampla
looation will not bo raviaited. Thorefern, it ‘o essential to record all fiold
moasuraomenta and obpurvations at tho site so that the information lator ann be
ugod in avaluation of the data.

To do thin, sauh laboratory has devulopod dabn formu on whioh tha samplos
oah rocord the zsampla typn, looation, w.ather, ponalblo contaminanta, fialu
mausurcmnta, aid gnologlo obsarvatlions. Fiold obanrvatlons are numbor codad
and ean b pacordad In minimal time, Each forma han additlonnl spnoa for com=
mpants or alaerlllaxt.lon of' Infurmatlon.  Flgura § 1n an oxample of tha aem
wesl by LAGL; Lt oan be adapted for any type of amplo normsilly eollestod,
Thue URL wesl aapusata data foran tor ground watare aapgples and aaerlacs aampl.oa
In Eh eaaten U3 pelor Lo Motobee 1973 but lrws addoptoed o atandae Hsed Pogm

Mronll atten In omore pocomt mpliag. The ORGDE naea the game by topm S



sround satar, stfday Aadae, or medizwns samplis, Tha contant af all iata
foras ror 11l ladoratories is asiailar,
In addition, mah laboratory has 77stomctlo godad numporisng systams. The
LASL and ORJDP use »rsnumbered adhsaive stizkors whoreas the SRL asmploya a
aystea that recuiras writing the -anaple nuuber on the sample ocontainers. Each
systca i3 qoaad s0 that the state and quadmngzls from which the sample aa
taken can be identified easily,
Tha fallowing observationc are genarally recordod at each sampls locatlon
for cach laboratory.
Jonation = All laboratories aupply asubcontrsators with at leaat two copioa
of field maps. Theso mapa ara generally 7.5 minute (1128 000), 15 minuta
(1:52 500), or county road mupa. Each =p oont'.ni..-ll.a sample grid and/or
preaarkod sampln looation. Af:ior sompla t;ouoou.on. iocontions are trang-
farroed from the field map to an unrclled copy that acan thon bo diglvizod
at the ruapactiva laborntory for the latitwlos and longitudon of tho
gampla location. The 3RL alao roqulros a photograph of tha nite and
dirootiona for reaching the alte.
priithar = Senucnal olimatic nonditions my drastiocally affeot uranium con=-
amntrationa in surfaee wataors nnd, tn a much lousser nxtuat, in acdlaonta
(Fix, 1950} Garmanov ot al, 19533 Dol at al, 197%; Rona ot al, 1970),
Coniaquant Ly, hydrogaochy - 11 surveys should ba gomploted as rapldly ao
poanible, During pmrlads o hich rumt?, normii urnlum conaontraktiona
vy bu dliluted wharena aflee a prolangml deroigsht, uranimm oanoeatetiong
In runof't sy ba lnomsiaml e a ai oL porlod (Peaoook, 1901} Lopatkina,
1904),
potoil = deveral olements, (nalwding mcambum, In both aurtue walsors anl

Sesflaenty Lond teo e pelatively shewts Hoapepalan e teena noagpean of!



HYDROGEOCHEMICAL AND STREAM/LAKE SEDIMENT FIELD DATA
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high relle? (Chamterlain, 1964). Furthermora, access to water my be
difficult and sediment may be absent locally. Therefore, sample densi-
tioz may have to be inorsased oo that adequata covarage can be obtained.

geoloxy = Uranium content in both wmter and sediment generally reflects
the loocal geology. For exampla, because of complexing of uranium with
carbonata ions, a stream flouing over carbonate terrane would be expeoted
to hava higher uranium contont than a aimilar astream flowing over sili-
aocous terrane (Levinaon, 1974). Sodiments from aoidia igneous rooka
genorally have grsator uranium goncentration th.n sadiments from other
ook types (Rogara and Adams, 1970). Alaso, ground water:s that oiroulate
along fracotures anil faults may ocontiribute sigrnificant amouni. of uranium
as wall ns other trace mstals (Dol et al, ?975;'- Dyok, 1975). Conae.uent-
ly, the looal geology mmy be the most illporr;nnl'. loburvnt.inn that will
halp in interpretation of tha Jdata.

gonthminution = All sourgos of contamination, suwh as mine waters, tailings,
trash, end man-made struoturos (bridges, oulverts, aund well aaaings) are
avuirlod whore pogualble. However, any potential ocontaminant, such as
uranium=rich phoophatv forti'.izora (Boborg and Runnalls, 1971), is notad
oi: tha data form,

vamtatinn = In terrann contalning abundant vogutatlion, relutively ashort
diuperaion trainn in aurface wator oun nxiat, Thlo gonorally ranulta
from orginia matter absorbing dranlum rfrom the wator amd, ounanquently,
Ingpenilgg the uran lua anpamteation ln asdiment (DuLl'Aglis, 1971; Dyck

ot al, 1971),



SAMPLING DEZNSITIIS

In roconnaiczanaca axploration sampling, dancitias =ay rangn rom onn
sampia per 1,0 knz t> one samply Per 160 Im2 or evan Jraster (Lovinaen,
1974). Diapersion haloea sven for amill depoaits can ordinarily be detocted
as far as agveral hundrad meters in ground watar and up to saveral km in aome
atraans, Larga deposits in the weastern US ocan be deteated many kilomstara
downotroam (Fix, 1956), Aceurding to Hawkas and Yebb (1962), for u ocatohment
area of 8 to 32 knz. the surfage dralnage and/or uedizment disperalon pattern
for n sinificant ora body may vary from 390 to 3200 m. Ostle (1954) waa able
to detact anomali2a in surfage waters over 10 km downstream from waste dumpso.
Resulta of Canadian surveya for 1reas extonaively ocoverod by lakea suggost
similar information oan bo cbtained on a grid of one sample looatlon per

R kn?

compared to ono sampla looation par 16 knz exaapt for areaa whorn
dapnsits are very locallzed (Qarrett, 1977). Clemrly, tho saleoted denalty
dopenila on gaology, hydrology, and alimate, Complete coverage is not always
pozoible for rogsiona having poor acceas., One should choose a spnaoing o that
at least two or morc sumplea fall wilhiu the antiocipated zonn nf an anomaly
(Lovaring et al, 195%6)., Basod on an extonaive rasearch of aimilar studloa in
aimilar tercunns, tha laboratorins have solseted the nominal sample donaiticy
shown in Tabln II,

Tho following acatlonn brlofly .osoribe the typn of madiln samplod for
raapratlve prhyalosraphlo provineen, An oxtenalve roviow of tha goololy and
known amd potnntlal uranlum housts ean ba found In U Department of Knerey

Intopim Ioport (19°79),



LASL's total land aroa of sesponsitility in cho program amounts to about
35% of the US. Soma 250 000 sampla locations will be taken from 2,7 million
hz of land. The area inoludes moat of the Rooky liountain states and all of
Alaska (Fig. 6). Much of the Rooky Mountain region consists of rugged mountain
ranges separated by intermontane basins. In these mountains and on their
flanks, fast=flowing atream waters and their sedimenta are the major sample
media. Well-water samples are the major sample media in the intermontane
Laaina,

Part of the Colorado Plateau is also in the LASL region, and this area
contains sgvoral uranium distriota, inoluding the Urants mineral belt in New
Moxico, which ia the largest uranium-produc)ng area in the US. The olimate in
the Platoau roglon and in the southern part of the LA!'SL n:on of responaibility
is somi=-arid. In theaso areas, well wutor samplon are ocvllected when ponaible,
althourh in aparanly populated arers dry stroam bads they may be the only
avallable sampling modia,

ALk contnlns a diveralty of phyusiographic provincus, The northern
and much of the inturior of the atate ia underlain by rogions of pormafraat.
Thane arona hre alio uxtonaively covored by lakes and, conaequontly, primarily
lake wator and nwlimonts am pampled, Two mountaln ranges oross the state,
the DBruoka lange In tho north and the Alaska Rarge in the wsouth, In thane
armng  fanteflowiyt ateeam wators and  steroam asdimonta are  pradominantly
v llgntml,  Tha pouthenatarn part of' thue atate in not only megmd but alno
hoavily vesntated, Therafora, primarlly stream watern aml stroam asdimenta ape
0l lantul,

Moyl on aovera! pllat atudlsa, LALL melaelod o snmple denalty off ane

1ration par 10 l:m:‘ forr Ltha Rty ¥wintadn ntaten, AL aample loeatlonn e



proselactad by LASL perconrael,  Surtfine stiraaas apra 2nein to senpasant draine
age areaa ol aoout 10 k:z. Situs which onannot be roachad in the fia2ld ars
resolactad to approximate the original drainaga area as clozely aa pezaible.
For samplinz lakes in Alaska, a pattarn ocontaining 23-‘-:m2 grida (1 per
9 miz) is put on%o field mapa, and helicopter pilots than select all sampln
locations as near as possiblae to the ocentor of each grid squars. Streams ars

sampled at twice this density, or two sample locations per 23 knz.

ORADP

The total area of reasponaibility for ORGDP is about 7.6 million kmz
(Fig, 6). Sampies in the northorn ragions are collacted mostly from streams
in marshlands, Much of the ORGDP area is wit'.h_i_n the OGreat Plainas and Central
Lowlanda, which 18 oomprised of generally J.ou-i:ying topography. This area lis
extensively farmed and, although abundant, surtace strosma do not offer optinum
samploa. Howover, those lowlanda are undorlain by large ground-=water aquifoera
and, aoninquontly, ground-water samploa prodominate,

The southern area with its gomi-arid olimate contrasts sharply to the
mid=gontinontal US, Thore aro nlse usomo known aandstone=typs dupoalts in tho
Coaastal Plain of Texas, Oroundewator madia provida the bast sample media
here, bnenune utreams gonorally arn dry and may contnin wined' 'own matorlal.

Th. sampla denajty for ORGDP of ono location por 206 km?' pradeainantly
rofloots collmtion of graund=wator modia, All groundewiator looationa are
ahnagn according to a grid ayntem, A well loeatlon fu aeloetod in o pgrid Ctor
whloh wnll log informat!. oxlats. If a satto eannot bo roachad, an altors
nute Lo pleked by the anmpler, but b s the aampler'sa poaponaibiilty ty
anleat A alte pear e and popeogiontatlye off Ll orlginnd an! o eellect Lhe
necneery wall logs ntoermasion (o0, prodieing hoedsonst, deptl, apd pusmn

Lype),






Strenn snaply 3itas ure salearsd gacording to nonailaeatiors ol drainais
basina and Jminaso pazsaras. 3it:1 are chosen by ORGQDP pornonnoll for basinu

that drain from 3 $0 30=ita”

a.'sa3 and aversge about 26 hz. Any aite looa-
tiona that samplors are unible to reoach are reselectel to aimulate the orizinal

sita as noarly as poaslbla,

S8R,

The SR aroa of responoibility inaludes all or parts of 37 atatss in the
enstnrn US and westarn US, Tho proaeduraa deaoribad in thls report generally
refor to SRL'a oporation in the oanstorn U3 booauso thoy have only rooently
bosun sampling Ir the woaturn US (Fig. 6). Rogiona in tho castern U3 aonaiat
produainantly of rolllng hilly and piedmont-tyje topography. Tha olimate in
thusc a. o g goerally humld with nignifiecant rminfnll and abundant vegita=-
tion. Uoth atronms and pround=-watnr snampla medin are avallable, but accoun
onto privata proporty may bo loonlly difficult,

Thu SRL regilon of rosponolbility in the weatorn U3 inaludon part of tho
Paaln and Rango phyalographle provinos, Muwsh of thls aren 1o soml-arld anl
aparsoly mopulatid, Consoquontly, avallability of the rround-wator madium may
bn at n minimm anl stroam bodo way b dry and flliod w'th wimdblown dabrla,
In addltion, munh of tho aren has Intorine drainange, and ovaporlitos aml playqs
o 2o,

Ty Panl®in Conat and larra Novada conailat prodominwutly of nortli=-
ten-l 2 sounbadn eaneen pepasbed by valley nyatomo,  Fraleflowlmg ateoeaee
ar abiinelant, dat aceads L a mjor peobloag,

The SHL Loestlonn are aoleabed hisl on a4 ralea 2eld, A mple T
Lo, pesasl] g af W oanapla Lypey Ly oaoloated by e gwibaonbenetae for 10

L j()-;-n'.‘ arvera) She avera s apaelag (v e e for o ovepy 14 I:la:l. Kul 1



of Shumd are LAt 20 two 1djacuaz 3rid mquarac o2an Do Lal't 7acant and a0 L4o
2ample pointa 2an bta 2locor toan 1,5 Em. Seerams aan dealn 013 morn %han Shrme
tises the arsa of tha zrii; the larzast streaa whith hoais ia 1 grid : - uaually

azmpled,

LMARY
The NURE HSSR prograam 13 one of tha largast reconnalsszande geochomioal

erploration prozrama ever attompted., DBy tha completion of tha program, mora
than one pilllon aamplas will ba qollacted from rore t.an 650 000 sampla loaa=~
tiona. Al' data ara reportad by 1° x 2° National Topnsraphic Map Sories
quadrangla boundaries (Fis. 1). Euoh quadrangle ountalna from 1000 and 3000
(normally 1500) samplo lnoatlonsz; ancii sample " .ea%lon conalats of ona water
and/or ona sodimeont sampla.  Uranlum and na mﬁ,‘[ a: i3 additionai mlomont. are
reportnd for anch loaation, depanding on sample type (Tabla II). All informie
tion L) conaidared gconfiduntial and not for privata uun -1tll Lt i3 opon Cllad.
Tnvan datn arn than mado avallable to tho publie, Tha magnnatic taprs oan ba
vhralnod fronm:
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